We have derived a group of new coordinate systems which covariantly transform from an open RW system constrained by the requirement that their spatial points move at a negative radial velocity when measured with the RW coordinates, and whose clocks are attached to the transformed spatial coordinates. They all have the same time-variable photon velocity v 0 (t) at their origin as determined by clocks and rulers which are physical when v 0 (t) = c(t), the physical photon velocity. A variable c(t) no longer keeps the Lorentz transform invariant. Instead, locally we have a generalized Lorentz transform and generalized Minkowski metric. By introducing a generalized time for which the differential is c(t)dt, we create a Minkowski metric in order to use Einstein's field equations to calculate c(t). Measurements of the fine structure in clouds of cosmic matter experimentally demonstrate that some physical "constants" do change with cosmic time. We use dependences on c(t) of various physical "constants" which keep a normalized quantum Lagrangian invariant. These explain the apparent acceleration of galaxies found with supernovae Ia on high red-shift galaxies by assuming c(t) = v 0 (t) in a flat universe with no adjustable constants and no dark (vacuum) energy.
Introduction
We have derived a group of coordinate systems from the assumption of a homogeneous and isotropic universe which have the same variable, observerindependent, photon velocity v 0 (t) at their origin, which, if v 0 (t) = c(t), we will show have physical clocks and rulers. This suggests that the universe may be a geometric manifold where the photon velocity depends on the cosmic time t, so that locally all physical measurements are governed by a generalized Minkowski metric with a generalized Lorentz transform which become a regular Minkowski metric and regular Lorentz transform for changes between event times which are small compared to the cosmic time. These "physical origin" coordinate systems are a subset of all covariant transforms from an open RW [Robertson 1935; Walker 1936 ] system (t, χ, θ, φ) constrained by the requirement that their spatial points move at a negative velocity when measured on the RW radial coordinate and their time T (t, χ, θ, φ) be measured on clocks attached to the spatial coordinates at a distance R(t, χ, θ, φ) from the origin. (In this paper "origin" will always mean spatial origin, where, generally, the observer is assumed to be located).
A variable c(t) no longer keeps the Lorentz transform invariant. Instead, locally we have a generalized Lorentz transform and generalized Minkowski metric. Following the suggestion of Magueijo 2000, we introduce a generalized timet for which dt = c(t)dt in order to create a Minkowski metric for use in Einstein's field equations to calculate the expansion coefficient of the RW metric and thus c(t).
Several authors have speculated that the apparent accelerated universe as measured by the observation of supernovae Ia might be explainable by a variable photon velocity [Magueijo & Baskerville 1999 , Webb et al 2001 . Using Magueijo [2000] as a guide, we determine the dependence of other physical "constants" on c(t) by making the Lagrangian invariant to c(t). This combination determines an apparent accelerated universe which we will show agrees with observation of Supernovae Ia at high z (Perlmutter et al 1998; Riess et al 1998; Riess 2000) without invoking the troublesome concept of vacuum energy.
We proceed by using the RW coordinates with c = c(t) applied to a radial world line to find the radial 4-velocity and 4-acceleration of a point on the frame of the transformed coordinate system in terms of both the RW coordinates and the transformed coordinates themselves (Sect 2). This will yield partial differential equations (PDEs) for the allowable coordinate transformations from the RW to the transformed system (Sect 3). We integrate these PDEs for those transformed coordinates which have a diagonal metric (Sect 4). This requires the same variable photon velocity v 0 (t) at the origin for all of these diagonal transforms which depends only on a(t), the expansion parameter of the RW metric (Sect 5). Isotropy requires all of the transforms to have a generalized Minkowski metric close to their origin (Sect 6). We develop criteria for physicality and show that there exists a group of transforms, both diagonal and non-diagonal, which meet these criteria at the origin with the same c(t) = v 0 (t) as the diagonal metric (Sect 7). By introducing a generalized timet, Einstein's field equations are used, which locally reduce to the generalized Minkowski metric and Lorentz transform (Sect 8) . This allows us to calculate a(t) and thus c(t) for various assumptions of the universe energy density (Sect 9). The dependence of other physical "constants" on c(t) is derived from an invariant normalized quantum Lagrangian, which then explains the observed apparent universe acceleration (Sect 10). We discuss feasibility of earth experiments to measure c(t) in Sect 11. In Sect 12 we point out that c(t) = v 0 (t) does not remove the horizon problem even though c(t) goes to infinity as t goes to zero.
2
The transformation from RW coordinates
For a homogeneous and isotropic universe, one can derive the RW moving coordinate system whose time represented metric in polar coordinates (r, θ, φ) is [Weinberg 1972 page 412]
where t is the universal cosmic time, χ is the co-moving curvilinear radial spatial variable (χ > 0), and a(t) is the expansion parameter of the universe, dω 2 ≡ dθ 2 + sin 2 θdφ 2 , and
where k is the RW spatial curvature variable to indicate a closed, flat, or open universe, resp.. This time representation of the RW metric, as compared with a spatial representation (ds = −ic(t)dτ ), is the same whether or not c(t) is variable, since a variable c(t) can be incorporated into a(t). It is only the field equation (see sect 8) and the interpretation of the meaning of a(t) which is changed by c(t) being variable. For a variable physical photon velocity c(t), when we incorporate it into a(t), we have
whereâ(t)dχ is the RW differential radial distance at the galactic point (t, χ). Thus a(t) has the dimensions of time, andâ(t) has the dimensions of length.
We will take the origin of the transformed radius to be the same as the origin of the RW radius: R = 0 at χ = 0. We will require that T = t at χ = 0, since the time on clocks attached to every galactic point is t, including the origin. We will also make the magnitude of the photon velocity in the (T, R) system to be unity at the origin at the present time T 0 = t 0 . This makes the unit of c(t) be the value of what is measured by an observer at the origin at the present time (e.g., on earth now).
We will assume that the angular coordinates θ s and φ s of the new transformed coordinates are given by the angular coordinates of the RW system. We will be initially confining our attention to only radial trajectories, so that the angular coordinates are fixed, and T and R will be functions only of t and χ. Thus
The transform of the differentials is given by
where the subscripts (other than s) indicate partial derivatives with respect to the subscript variable. We will henceforth drop the subscript s. We will assume a general form for the metric expressed in transformed coordinates with spherical symmetry. [Weinberg 1972 page 335] :
where B, C, and D are implicit functions of (T, R) and explicit functions of (t, χ). We assume that A ≡ 1, which is equivalent to an assumption that the clocks on the transformed system are attached to the spatial coordinates. Also, since both the RW metric and our transformed metric are spherically symmetric, the coefficients of the angular variables are the same. Since the 4-velocity U µ of a point on the transformed system in the transformed coordinates is (1, 0, 0, 0), this will transform from the 4-velocity in the RW coordinates (γ, γV a , 0, 0) the same as dT, dR in eq 5:
where V and γ are defined as
V is related to the ordinary RW radial velocityV of a point on the transformed frame byV
sinceV is the RW differential distanceâ(t)dχ (eq 3) divided by the RW differential time dt, taken for the co-located point R on the transformed frame.
Manipulating the second line of eq 7 gives
If we invert eq 5, put this into the RW metric (eq 1 ), and use eq 7, we verify that A is 1, and that the expressions for B 2 and C in the metric (eq 6) become:
We will consider the acceleration of a test particle moving with the same velocity as a point on the transformed frame. This can be expressed in both the transformed coordinateŝ
and the RW coordinateŝ
where
, the Γs are the affine connections for their respective coordinate systems, g ≡ d 2 R/dT 2 is the ordinary acceleration for the test particle, and g * ≡ dÛ T /dT .
It will transform like dT, dR:
We can obtain a relation between g, g * , and C by examining the scalar product of the 4-velocity and the 4-acceleration in transformed coordinates, which must be zero:
If we insert the value of g * from eq 15 and C from eq 11 into eqs 12 and 13 and rewrite the two equations of 14 in terms of their factors, using 10, we obtain
where the factors are defined as
3 The partial differential equations for a diagonal transform
We are interested in seeing whether there is a diagonal solution (C = 0) of eq 16, and if there is, what are the PDEs that determine its dependent variables.
(In this paper we will use the adjective "diagonal" to describe any quantity associated with a metric which is diagonal when expressed in transformed coordinates, such as diagonal solution, diagonal metric, diagonal transform, diagonal coordinates, etc.). We can see from eq 11 that when F 1 = 0, then C = 0, so there is diagonal solution of eq 16 for F 1 = 0, g = Rχ a F 2 ,. We will now show that if F 1 = 0, then F 2 = 0 for the boundary conditions which we impose. Transposing F 1 = 0, we find another expression for V:
Putting eq 18 into eq 7, we find a simple expression for T t :
Now we can write an expression for T as
where the symbol ∂χ t signifies that the integral is to be carried out with respect to χ with t held constant, and we have used the boundary condition that at χ = 0, T = t. The value of T χ from eq 18, using eq 19, can be inserted into eq 20 and the result partially differentiated with respect to t and then with respect to χ to obtain a PDE for V :
Thus, eq 21 is equivalent to F 2 = 0, as we wanted to show would follow from F 1 = 0. F 2 = 0 gives us a PDE which has only V as the dependent variable. It is a solution of eq 12 with g = 0. We will find these diagonal transforms very useful since they represent the simplest covariant transform. We will be able to find a general solution of the PDE's for them, including a formula for calculating the variable photon velocity at the origin v 0 (t). This is very convenient, since we will find that there is a physical origin group of coordinates, diagonal and non-diagonal, all of which have this same v 0 (t) (see Sect 7).
General solution of the partial differential equations for a diagonal metric
Thus, we shall now try to find expressions for the transformed coordinates with a diagonal metric. The PDEs we need to solve for T (t, χ), R(t, χ), and V (t, χ) are the three equations 10, 18, and 21 subject to the boundary conditions at χ = 0 of R = 0, T = t, V = 0, and the photon velocity equal to one at t = t 0 , χ = 0. Eq 21 (F 2 = 0) can be rewritten as
where the subscript on the partial differential indicates the variable to be held constant. This can be integrated with an integration constant ln κ (κ > 0). Since the integration is done at constant R, then κ = κ(R), and inversely, R = R(κ). Integrating eq 22, we get
where we have selected the minus sign for the square root in accordance with our assumption that the transformed frame have a negative velocity when measured in RW coordinates. At this point, R is an unknown function of κ. The various possible coordinate systems which solve our PDEs are characterized, in large part, by the function R(κ). But for all, in order for V to vanish when R = 0, κ must also; so always
One observation we can make without any more work is that, as long as κ(R) remains finite, V goes to −1, andV goes to −c(t) (see eq 9), for a(t) = 0, i.e. for t = 0. Since t = 0 represents the horizon, this means that V = −1 at the horizon. This is different from any of the three definitions of distance treated by Fletcher (including the proper distance) [Fletcher (1994) ], for all of which V became −1 at a finite t instead of t = 0.
Let us now look at lines of constant κ(R), i.e. constant R, in t, χ space. Eq 8 can be integrated for χ with use of eq 23 at constant R to give the following general solution, for an arbitrary function f (κ) and an arbitrary upper limit t * :
Since we are assuming an open universe, we expect that if R is kept constant the galactic point χ that will be passing any given R will eventually approach zero as RW time t approaches infinity. Thus we can set f (κ) = 0 at t * = ∞.
(We remark here that eq 25 holds also for a closed universe. In that case we need to find an appropriate choice of f and t * that will allow us to calculate v 0 (t) equivalent to eq 33). Thus we have for an open universe
At this point, we have obtained V = V * (t, κ) from eq 23 and have also obtained the function χ(t, κ). We can in principle invert eq 26 to obtain κ in terms of t and χ: κ = K(t, χ). This gives us the velocity function K(t, χ) . If the function R(κ) were known, we would then also have R(t, χ) = R(K(t, χ)).
T (t, χ) can be found by noting from eqs 18, 19, and 23 that
By substituting eq 27 into eq 20, and integrating over κ instead of χ by dividing the integrand by the partial of eq 26 with respect to κ, we find
where κ is put equal to K(t, χ) after integration at constant κ in order to get T (t, χ). This completes the solution. These are all the possible solutions for the diagonal case. We note that these are in reality all the same system except for different calibrations of the R axis with R = R(κ).
Photon velocity close to the origin for a diagonal metric
We would like to find an expression for photon velocity in the transformed diagonal coordinate system at the origin, that is as κ approaches zero by eq 24. Using eqs 10, 18, and 19 inserted into 11, the metric (eq 6) becomes
Although B(t, χ) has been determined from radial trajectories, when γ and R χ are expressed in terms of t and χ, the metric of eq 29 is valid for all trajectories, since for spherical symmetry, B cannot depend on the angular coordinates. The radial photon velocity is given by dR/dT for dτ = 0:
(The subscript p is not a partial derivative, but the subscript χ is. For C = 0 we write the positive value of the photon velocity, but understand that in all cases for a diagonal metric there are both positive and negative values). From eqs 30 , we get
K χ can be written in an inverted form by taking the derivative of eq 26 with respect to κ:
We will let v 0 (t) be the photon velocity for a diagonal metric at the origin. To find it, we set κ = 0 in eq 32, γ = 1, and use eq 31 to give
It should be noted that the value of v 0 (t) is independent of the functional form of κ(R), since the value of the constant κ ′ (0) is adjusted to make v 0 (t 0 ) = 1, and is therefor the same for all diagonal transforms with the same a(t).
Transformed metric near the origin
Since V goes to zero as R goes to zero, and we are assuming isotropy of the universe, the photon velocities in all directions become the same, with C going to zero at the origin for all the transformed coordinates. The metric for all the transformed coordinates for small R can thus be written
where v p (t, 0) is the variable photon velocity at the origin, which is given by v 0 (t) in eq 33 for diagonal metrics, but may possibly be different for some non-diagonal metrics. In this limit, since V (t, 0) = 0 and C(t, 0) = 0 = Tχ aTt (t, 0) and T t (t, 0) = 1 (eq 7), then from, eq 11
where the last equality has used the first terms of the series expansion of R around χ = 0 [R t (t, 0) = 0]. Therefor, all transformed coordinates near the origin become
Note that the value of R at T = t 0 is given near the origin by a(t 0 )χ, the expression for which all measurements of distance reduce for small χ [Weinberg 1972 page 424] .
If v p (t, 0) = c(t), we can call eq 34 a generalized Minkowski metric because for a range of times, δT << t, the metric becomes the Minkowski metric. It is the metric for a generalized Lorentz transformation between a frame (dT ′ , dR ′ ) moving at a velocity v relative to a second frame (dT, dR):
where γ ′ (t) = 1/ 1 − v 2 /c(t) 2 .
The Physicality Criteria
We would like to find those transforms which are physical since this is the type of coordinate system with which our physical laws are formulated. The cosmological principle gives us a unique opportunity to do this, because it says that the clocks and rulers on every galaxy, when properly calibrated and synchronized, are the same, including the Milky Way galaxy. So, to be physical we need the transform to use the same clocks and rulers and to have the same photon velocity as the co-located galaxy. This latter requirement arises because at every galactic point we have the generalized Minkowski metric for which the photon velocity is independent of the observer, including co-located observers on the transformed frame moving with a velocity V . For criteria of sameness, we apply a version of the equivalency principle that the laws of physics are the same in every physical coordinate system. We assume measurements in every physical coordinate system made on a clock stationary in that system are all the same for a universal time increment (dτ ) and measurements on a ruler for constant time in that system are all the same for a universal distance increment (ds = ic(t)dτ ). We are already assured that the clocks which measure T are the same as the clocks on earth by making the metric coefficient of dT be unity, since then dT (t, R) = dτ at constant R, and dt(t.χ) = dτ at constant χ, so that the attached clocks on the transformed coordinates are the same as the attached clocks for every galaxy, including the Milky Way galaxy. From the co-located galaxy having earth rulers, we get a physicality requirement on rulers in the radial direction, by making the transformed radial distance ∂R T at a constant time T on local transformed clocks be identical to the radial distance c(t)a(t)∂χ t (eq 3) on a co-located galactic point taken at a constant time t on the local galactic clocks. This must be true for a given differential of proper time dτ , so the radial rulers will be the same if
By putting the left side of eq 38 into eq 6 and the right side into eq 1, we obtain the radial ruler requirement:
This must be independent of R since the clocks, rulers, and photon velocities on co-located galaxies are all the same, independent of R.
Since B and the photon velocity are generally a function of R, none of our transforms meet the physicality requirement for all R except for the zero density universe. Another exception is at the origin, where we will find a subset of the transforms that can meet the physicality criteria for a small range of R.
Physical origin for a diagonal metric
We can make the transformed coordinates physical for a limited range of R near the origin of a diagonal metric by requiring that the first derivative of B re R vanish at the origin. This satisfies both the ruler requirement and the constant photon velocity requirement, since v p = 1/B for a diagonal metric. Eqs 29 and 32 show that
By partial differentiation, we obtain
Since γ R (t, 0) = 0, B R (t, 0) will vanish at the origin when V RR (t, 0) = 0. If we partially differentiate eq 23 twice, we see that V RR (t, 0) = 0 requires that κ RR (0) = 0. Thus, those diagonal transforms which have R linear in κ for small R have physical clocks and rulers which measure the physical photon velocity near the origin if
given by eq 33. If we had used c(t) = 1, a constant, we would have found that the constant ruler criterion would have been B(t, 0) = 1 which could not then be found equal to v 0 (t). This would have made v 0 (t) a "coordinate" velocity with non-physical rulers, and not a physical velocity. These criteria are consistent with the more general criteria developed by Bernal, Lopez, & Sanchez 2002 . In their notation for x 1 and x 2 translated to the notation in this paper, if we assume the RW metric has the length measure dx 1 = c(t)a(t)dχ and the transformed length measure is dx 2 = dR, then ∂ 2 x 1 = c(t)a(t)χ R which becomes c(t)/v 0 (t) at the origin, and ∂ 1 x 2 = R χ /c(t)a(t) which becomes v 0 (t)/c(t) at the origin. Since these two partial derivatives are equal at the origin when v 0 (t) = c(t), the two systems use the same ruler there. A similar relation applies to clocks in the two systems, which are the same in both systems for all R.
If v 0 (t) is to be considered physical, every other transform that meets these same physicality requirements at its origin must have the same v 0 (t) = c(t). There are, of course, many coordinate systems, including transforms from the RW system, which do not have physical coordinates anywhere. In order to find another transform which is physical at the origin, we will try to find a physical origin for a non-diagonal transform from eq 1.
Physical origin for a non-diagonal metric
For a non-diagonal metric, the criterion at the origin for constant rulers requires that B R = 0. We will introduce the symbol
so that B in eq 11 becomes
Eq 8 is still valid for non-diagonal metrics, so
and
By partial differentiation of B (eq 44), noting that V (t, 0) = 0 and since C(t, 0) = 0 = Υ(t, 0) = 0, we get
Thus, one general requirement for making a metric, either diagonal or nondiagonal, have radial rulers equal galactic rulers near the origin is to set V RR (t, 0) = 0; i.e., have V ∝ R to first order in R. The constant photon velocity imposes the additional condition C R (t, 0) = 0, which is equivalent to Υ R (t, 0) = V R (t, 0) (eq 11). Even though this requirement makes the metric diagonal to first order in R, there is no a priori reason that it have the same v 0 (t) as the diagonal metric, although we will find that in fact it has.
We need first to find an expression for the transformed time for a nondiagonal metric. From eq 7 we obtain
Since eq 48 is valid for both diagonal and non-diagonal coordinates, the integration constant is obtained by requiring T be the diagonal expression (eq 28) when γ(s, R) equals 1 + κ 2 /a 2 . Thus the integral of eq 48 becomes
Note that G(t, 0) = t since γ(s, 0) = 1. If we partially differentiate eq 49, we get G R (t, 0) = 0 and partially differentiate a second time we obtain
To find an expression for Υ, we note from eq 7 that T t = 1/γ(1 − V Υ) and by the chain rule that T χ = G R R χ . Inserting these into eq 43, after some manipulation we get:
The partial derivative of eq 51 at the origin then becomes
We can obtain a solution by making the integrands of G RR (eq 50) and 1/R χ (eq 46) be proportional with a proportionality constant of κ ′ (0). This makes
and G RR (t, 0)R χ (t, 0) = κ ′ (0). Then from eq 52 we get
showing that eq 53 is a solution. Thus the physical origin non-diagonal physical photon velocity becomes the same v 0 (t) as the diagonal coordinates (use eq 53 in eqs 46 and 35), which it must if it is to be considered equal to c(t).
It should be observed that up to this point in the paper, we have not used the field equation. The RW coordinates, the transform from them, the variable photon velocity at the origin, and the physicality criteria depend only on the assumed symmetry of homogeneity and isotropy of the universe.
Non physicality of the RW proper coordinates
The customary concept of radial cosmic distance is the RW proper distance, defined asâ(t)χ [generalized for c(t)], which for constant χ goes to zero as t andâ(t) go to zero. If we use this distance as part of the RW proper coordinate system, R * =â(t)χ, T * = t, the metric of eq 1 using eq 3 becomes
This system is the reverse of our transformed coordinates in that the ruler physicality requirement is met for all distances but the clock physicality requirement is not met at any distance, except at the origin. The coefficient A 2 of dT * 2 is given byÂ
At the origin,Â = 1 to first order in R * , so both the clocks and the rulers meet the physicality requirement at the origin. The radial proper coordinate photon velocitŷ
At the originv p (t, 0) = c(t) and the metric becomes the generalized Minkowski (since near R * = 0, χ = r). However,v p (t, 0) is not constant to first order inR, since dâ dt can't be zero and still have R * expanding. Thusv p (t, 0) does not meet our physicality requirement for constant photon velocity. The coordinate photon velocity becomes the physical photon velocity at a point on the R * axis, the origin, because of its intrinsic composition, not because it is derived by its equivalence to a constant galactic photon velocity. c(t) is not determined byv p (t, 0), and may assume any function of t.
8 Revised field equation for a variable photon velocity.
If we believe that the actual physical velocity is c(t) = v 0 (t), then we need to revise the Equivalency Principle and the field equation to reflect the expectation that all nongravitational physical measurements, anywhere and any time, obey the generalized Lorentz transforms (eq 37) with the generalized Minkowski metric (eq 34) rather than the usual Lorentz transforms and the usual Minkowski metric. If we are to use the covariant derivative and the conventional formulas of Riemann space, however, we must locally have a Minkowski metric. Magueijo (2000) has pointed out that a general way to do this is to use a quantity x 0 with space dimensions to replace the physical time t in the ds 2 metric. Here we will use
andT =t close to the origin. If the differential oft is used with the differential of the physical space coordinates (âdχ,âr(χ)dθ,âr(χ))sinθdφ), then we rewrite the RW metric (eq 1 with ds 2 = −c(t) 2 dτ 2 ) as an ordinary Minkowski metric with a coordinate photon velocity of unity:
We propose to use this in the field equation:
where G µν is the Einstein contracted curvature tensor determined from the coefficients g µν multiplying the differentials in the metric of eq 59, Λ is the cosmological "constant" possibly representing some kind of vacuum energy density, G is the gravitational "constant" and T µν is the stress-energy tensor. Locally, this will give the generalized Minkowski metric (eq 34) and generalized Lorentz transform (eq 37) for dT and dR close to the origin, as well as for dt andâdχ. We will make the usual assumption that the universe is an ideal fluid with an energy density of ρc 2 and pressure p, so that we can write the two significant field equations [e.g., Misner, Thorne, & Wheeler 1973 page 729] forâ(t) as 3ȧ 2 a 2 + 3k
and +2ä a +ȧ
where the dots represent derivatives with respect tot. Now, the first equation can be multiplied byâ 3 /3, differentiated, and subtracted fromȧâ 2 times the second to give
where we have allowed for the possibility that G and Λ may be functions of c(t). For small p andΛ, Gρâ 3 /c 2 = G 0 ρ 0â 3 0 /c 2 0 , a constant. When p andΛ are not negligible as in the early universe, then the variable photon velocity makes a significant difference, but this is beyond the scope of the present paper.
9 Calculation of a(t) and c(t) for the matter dominated era.
For this low p case we can define
so that the dimension of H 0 is reciprocal length. Also, following Peebles (1993) page 313, we define
so that Ω + Ω r + Ω Λ = 1.
Further, we introduce a quantity E:
At t = t 0 : α 0 = 1, E(α 0 ) = 1, and c(t 0 ) = 1 . Then eq 61 becomesα = H 0 αE,
and eq 30 for v 0 = c(t), using eqs 61, 3, and 58 with these definitions, is satisfied by
so that the physical time t becomes
where c 0 = 1 is written explicitly for clarity. For Ω = 1: c = α −1/2 = (t 0 /t) 1/4 , and c 0 H 0 t = α 2 /2, whence c 0 H 0 t 0 = 1/2, a/a 0 = (t/t 0 ) 3/4 . For experiments attempting to measure the variation of the photon velocity at the origin at the present time, the derivative of c(t) will be more useful:
Notice that this fraction is negative when matter dominates, and increases in magnitude from zero at zero density to a maxium at the critical universe density. A vacuum energy density opposes the gravitational effect of matter, and as it increases, it causes the variation to go to zero before reversing it from a decreasing function of time to an increasing function.
10 Other physical constants and explanation of the apparent acceleration of the universe First, we should recognize that the spectra of atoms and molecules can depend on c(t). Thus, the fine structure constant α f in SI units [Mohr & Taylor 2000 ] is
and the Rydberg constant expressed as a frequency is
which both can depend on c(t) since if c(t) depends on time t, we must allow for the possibility that ǫ 0 will also depend on it because c(t) 2 = 1/ǫ 0 (t)µ 0 (t).
[Note that the 4πǫ 0 is often omitted in the fine structure constant since it is unity in Gaussian coordinates, but it is essential here if we are to consider a variable c(t)]. Recently, observers have measured a shift in the fine structure in absorption spectra of matter between distant quasars and us [Webb et al 2001] . For a range of cosmic times, they attribute this to a change in α f for which they found ∆α f /α f = −0.72 ± 0.18x10 −5 over the red shift range 0.5 < z < 3.5. This experimentally demonstrates that some physical "constants," must be changing with cosmic time. However, the magnitude is far too small to be caused solely by the c(t) calculated here. This implies that if c(t) = v 0 (t), some other physical "constants" must vary as well, such as those found in eqs 60, 75 and 76.
A variable physical photon velocity has been previously investigated for general consistency with all our physical laws [Magueijo 2000 ] with suggestions for how this might explain many cosmological puzzles [Magueijo & Baskerville 1999] . We are here concerned with a derived variable physical photon velocity and not with assumed variations to explain these puzzles. We will describe one possible variation of other physical "constants." Following the suggestion of Magueijo (2000) to use x 0 instead of t (sect 8) to define a covariant derivative, we can obtain two relations: (1) To make the interactive term of a normalized quantum Lagrangian independent of c(t) for particles with a charge g i in a field (g i = e for electromagnetic field), we make g i /hc constant; (2) To make the matter term independent of c(t), we make m i c 2 /hc constant, where m i is the mass of a particle of i matter. We can put these relations together with eq 63 (Gm i /c 2 = constant) and the experimental observation that α f is almost constant to obtain a parameterized dependence on c(t) q :
It is possible that Magueijo's minimal coupling requirement q = 0 applies with the rest energy of individual particles conserved. This will make the quantities in eq 77 all constant. If we apply eq 77 to an emitted spectral line ν nm (eq 76), we get
independent of the parameter q. The small change in the separation of spectral frequencies determining an apparent shift in α f with c(t) in intergalactic gas could then be considered a secondary effect as the ratio of α f to R ∞ decreases with c(t).
If we review the evidence for unchanging constants [Misner, Thorne, Wheeler 1973 sect 38.6 ], the arguments for no change with spatial location is not violated by the present determination that they change only with cosmic time t. All the arguments for no change with time seem to be related only to the fine structure constant α f , which we are also assuming doesn't change with time.
The change in ν nm (c) will change the red shift formula [Weinberg (1972) page 416] to
where t e is the cosmic time of emission. For Ω = 1 this will make c(t) = √ 1 + z. The computed distance d L [Weinberg 1972 page 421] from a standard candle is given by
where we have allowed for the possibility that L e , the total emitted power of the standard candle, might change with c(t) compared to its value L s determined in local galaxies at the present time.
If we expand c e and r e in powers of z, we get
In order to allow for variation in L e , we will parameterize it by expanding it to first order in z:
L e /L s = 1 + nz + ...
d L thus becomes to second order in z
High z measurements of supernovae Type Ia [Perlmutter et al 1998; Riess et al 1998; Reiss 2000 ] indicate an apparent accelerating universe. These results can be fairly well characterized for z < 1 by a deacceleration parameter of q 0 = −0.5, i.e., a coefficient of z 2 in the d L formula of 3/4. We get this coefficient in eq 83 with Ω = 1, n = 0 (Ω Λ = Ω r = 0) with no other adjustable constants. That is, we can explain the observed anomalous acceleration by the variable photon velocity calculated for a flat universe without requiring the existence of vacuum energy nor any change in the supernovae Type Ia emission with z or c(t)! This latter suggests that the energy of the fusion reaction of the supernovae is conserved, and therefor that the rest energies of particles (m i c 2 ) and the energies of photons (hν) are conserved (q = 0). As eperiments reach to higher values of z we can use the full expression for d L in eq 80, which for Ω = 1 and n = 0 becomes
The success of this comparison suggests future work with c(t), especially where vacuum energy has been previously invoked, e.g., CMB, gravitational lensing, and dynamical estimates of cluster masses. It would also be a test of the theory if the secondary effect of the fine structure spectrum in the heavy metal atoms at high z could be calculated and compared to observation. Another challenge is to calculate the age of old star clusters with c(t) to see whether it is shortened enough to be significantly less than the 16% shorter age of the universe (1/2H 0 ).
Feasibility of confirmation by earth based experiments.
A natural question is whether the predicted variability of a physical c(t) is, in principle at least, subject to confirmation by earth based experiments. For a critical universe density with no vacuum energy, where c(t) = (t o /t) 1/4 , we would have a fractional decrease in the measured photon velocity of Even if we include the earlier radiation era with a higher c(t), communications would still not be established. Thus, if the radiation era were to have E = Ω R 1/2 α −p/2 , where p > 3 in order to dominate over matter, the value of χ e will still be close to 4t 0 /a 0 (since its calculation is dominated by the photons traversing the matter era), and θ ≈ α −1+p/2 e /(p − 2) so that θ << 1 for α e << 1 for any value of p > 3. Inflation is still needed to establish communications in the early universe.
Conclusions
We have derived a group of "physical origin" coordinates, transformed from the dτ representation of the RW coordinates, which at their origin are consistent with being physical with a generalized Minkowski metric and an observer-independent variable photon velocity, the same for the whole group, which includes metrics that are both diagonal and non-diagonal. By consistent, we mean that if their photon velocity equals the physical photon velocity and is constant to first order in R at their origin, then they use the same rulers and clocks that we have on the Milky Way galaxy and on every other galaxy. We have here explored the possibility of their being equal, which determines c(t). We have also shown that the coordinate photon velocity of the RW proper coordinates is not constant to first order in R at the origin and does not determine the physical photon velocity c(t).
Assuming we know this physical photon velocity c(t), we must alter the Equivalency Principle and Field Equation so that locally there is a generalized Minkowski metric and a generalized Lorentz transform. We propose to alter the field equations by allowing c, G, and Λ to be functions of the cosmic time t and by introducing a generalized timet for which dt = c(t)dt, which obeys the required generalization. This alteration shows that for small universe pressure and a constant Λ, the equation for determiningâ(t) with a variable c(t) is the same as a(t) with c = 1 for matter density, space curvature, and cosmological constant.
The kinematics on distant galactic material should be calculated using a co-moving generalized Minkowski metric, whose photon velocity is c(t). Measurements of the fine structure in the absorption spectra from distant quasars caused by intervening clouds of matter show a change from that measured on earth. These measurements experimentally confirm that physical "constants" do change with cosmic time. The measurements show a very small fractional change, far too small to be caused solely by the c(t) calculated in this paper. This implies that if c(t) = v 0 (t), some other phys-ical "constants" should vary as well. We have followed Magueijo's [2000] approach for a possible dependence of "constants" on c(t) in Sect 10, which indicate that the formulas for red shift and distance should be modified. The proposed modification explains the apparent universe acceleration found with supervovae Ia on high red-shift galaxies by assuming c(t) = v 0 (t) in a flat universe with no adjustable constants and with no vacuum energy. However, it does not eliminate the horizon problem This variation of c(t) should in principle be measurable by earth experiments. For a critical universe density of matter this fractional decrease should be about 10 −14 in 10 4 secs, which should be measurable if the projected fractional frequency accuracy of 10 −17 in 10 4 secs is achieved, and if the frequency is proportional to c(t) as proposed in section 10. If the energy density due to the cosmological constant is dominant, the photon velocity and frequency will increase with time instead of decreasing.
